The use of dyes is one of the most controversial advances for the food industry because from a health point of view, such dyes, mainly the artificial dyes are not recommended. The objective of this study is to evaluate the cytotoxic effects of the food dyes sunset yellow and Tartrazine on the cellular cycle of Foeniculum vulgare Mill. Germinated root tips were treated with graded concentrations (viz. 0.5, 1, 1.5 and 2%) of sunset yellow and Tartrazine dyes along with a control set (roots dipped in distilled water) for duration of three hours. Roots were then fixed in Carnoy's fixative and preserved in 90% alcohol. Slides were prepared and cells were analyzed during the whole cell cycle for evaluation effect of food dyes. Mitotic analysis clearly revealed that the azo dye induced endpoint deviation like reduction in the frequency of normal divisions in a dose dependent manner. The results showed that the two dyes used under the evaluated concentration were cytotoxic to the cells of the system used. Mitosis was found to be quite normal in control plants. An inverse relationship between the active mitotic index (AMI) and concentration of food dyes was scored. However, as a result of the treatment on root tip cells, various chromosomal anomalies were induced such as stickiness, fragmentation, precocious movement, C-metaphase, bridges and unorientation and so on. The stickiness was found to be predominant abnormality in both the treatments. These irregularities were more at the higher concentration of Sunset yellow and Tartrazine i.e. 2%. The result concluded that Tartrazine was more cytotoxic than Sunset yellow.
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Food dyes were used since ancient times for the colouring of food items that dates back to Egyptians and Romans civilization. Food colouring or colour additive is any dye, pigment or substance that furnishes colour when it is added to food or drink. They come in many forms consisting of liquids, powders, gels, and pastes. Food colouring is used both in commercial food production and in domestic cooking. Synthetic colors are water soluble and are extensively used in almost every type of edible preparations (Hallagan et al. 1995) . People associate certain colours with certain flavours, and the colour of food can influence the perceived flavour in anything from candy to wine. Besides that, these dyes have no nutritional value, no health benefits and they are not preservative (Martin et al. 2013) . Dyes accommodate varying heavymetal concentrations generating a threat of human genetic disorders (Stinizing et al. 2006) .
Some synthetic food colorants are diazo dyes. Diazo dyes (-N=N-) are prepared by coupling of a diazonium compound with a second aromatic hydrocarbons (Gomes et al. 2013) . The resulting compounds hold conjugated systems that efficiently absorb light in the visible parts of the spectrum, i.e. they are deeply coloured. According to Sayed et al. (2012) , it is suspected that a significant correlation exists between the mutagenic effect of azo group food dyes and the triggering of various human pathologies. The color of the dyes can be controlled by selecting the number of azo-groups and various substituents.
There are three categories of food colors: primary food colours, blended food colours and lake food colors. Lake pigments find wide usage in areas like foodstuffs, pet foods, drugs, pharmaceuticals and cosmetics e.g. sunset yellow, Tartrazine, brilliant blue, etc (Saeed-ul-Hassan et al. 2006) .
The two dyes selected for the present assessment are Tartrazine and Sunset yellow. In the past decade, these two dyes have caused controversy as regard to their toxic effects, and their use was forbidden in some countries such as the United States and Japan, where from the results of bioassays with mammals, they were shown to be mutagenic and even carcinogenic (Feng et al. 2012) . As per norms of international research and the recommendations of the Codex Committee on Food Additives and Contaminants (CCFAC), intake of dye is under the control of ADI (acceptable daily intake) (Bessonov et al. 2011) . According to this blue followed by yellow and lastly green and white colorants seem to be less dangerous, even at the higher ADI concentration. There is an increase in application of legislative control so as to restrict the use of harmful coloring matters in food and to check certain permitted items which have not any harmful effect when subjected to rigorous examination (Tripathi and Rao 2015) .
Tartrazine is a synthetic lemon yellow azo dye primarily used for food colouring. It is also known as E number E102, C.I.19140, FD&C Yellow 5, Acid Yellow 23, Food Yellow 4, and trisodium1-(4-sulfonatophenyl) -4-(4-sulfonatophenylazo)-5-pyrazolone-3-carboxylate). Tartrazine appears to cause the most allergic and intolerant reactions of all the azo dyes, particularly among asthmatics and those with an aspirin in tolerance. Sunset Yellow FCF (also known as Orange Yellow S, or C.I. 15985) is a petroleum-derived orange azo dye (Dwivedi and Kumar 2015) . These dyes are commonly used in food, cosmetics, and drugs e.g., used in candy, desserts, snacks, sauces, and preserved fruits Snacks: flavoured corn chips (such as Doritos, nachos, etc.) It has been suspected for a considerable time that Sunset Yellow, on its own or in combination with other dyes can cause allergic or pseudo-allergic reaction (PAR). This can be exacerbated in people who are already asthma or urticaria sufferers. A number of drugs have food dyes such as Sunset yellow in them, which can provoke allergic reaction (Sardi et al. 2010) . Apart from this, these dyes can cause diseases like low blood pressure, reduced platelet aggregation, coughing and hyperactivity (Atri et al. 2014) .
Therefore, this study is based on the effect of food colours, sunset yellow and Tartrazine on genome of commonly used food ingredient spice i.e., Foeniculum vulgare Mill. Foeniculum vulgare Mill. is a traditional and popular herb with a long history of use as a medicine. Fennel (F. vulgare Mill.; Family Apiaceae) is one of the most important medicinal and aromatic plant cultivated in almost every country. Due to its estrogenic activities and uses as a carminative, diuretic, anti-inflammatory, antimicrobial, and galactogogue; it is a substance which is used to increase the production of milk in humans and other animals. Also, it is given to infants in the treatment of flatulence. In addition, the volatile oils of fennel are used to control flatulent dyspepsia and colic in children (Mahfouz and Sharaf-Eldin 2007) .
The bioassays with plants have been considered quite sensitive and simple in the monitoring of the positive and negative effects of chemical compounds (USEPA) (Grant 1982 ) and the fennel is very efficient for cytological study because of its low number of chromosome number i.e. 2n = 22, due to the wide industrial use of the food dyes Tartrazine and Sunset yellow in the food colouration, a need for additional studies and the deep involvement of researchers in the evaluation of the effect of these dyes becomes essential on cellular level. And considering the fennel system as an appropriate bioassay for evaluation of positive and negative effects of these chemical compounds, the objective of this study is to evaluate the effect of these two food dyes on Foeniculum vulgare Mill. root meristematic cells. Seed treatment The seeds were pre-soaked in distilled water for 24 hrs. and pre-soaked seeds were placed in Petri plates layered with moistened Whatman filter paper and kept in incubator for germination at 25 ⁰C. Germinated seeds were treated with four concentrations (i.e. 0.5%, 1.0%, 1.5%, 2.0%) of Sunset yellow and Tartrazine solutions for three hours. Some germinated seeds were kept in distilled water for control in each set.
MATERIALS AND METHODS

Procurement of material Inbred seeds of the cultivar
Root fixation After three hrs the treated seeds were washed with distilled water to remove excess dyes. The roots were then fixed in Carnoy's fixative (3 part Glacial acetic acid and 1 part absolute alcohol) in their respective bottles. After 24 hours, the root tips transferred to 90% alcohol stored in refrigerator and then used for cytological studies.
Mitotic preparation The root tips were hydrolyzed in 1N HCl at 60 ± 2ºC for 50-60 seconds. After hydrolysis, root tips were washed with distilled water for 4-5 times to remove excess HCl. After drying, roots were stained in 2% acetocarmine and the root tips were excised and used for slide preparation via squash technique. Slides were observed under Nikon phase contrast research microscope (Eclipse iE200, Japan). Microscopic examination was done for active mitotic index and chromosomal aberrations for each set of treatment and control, for this active mitotic index (AMI %) and total abnormality percentage (TAB %) were scored.
Formula used for calculation
The spectrum of various mitotic indices and abnormalities were calculated by applying following formula: 
RESULTS
The basic chromosome number of Foeniculum vulgare Mill. is n=11 and thus its diploid chromosomal complement is 2n=22. The present study shows that mitosis is quite normal in control with perfect alignment of chromosomes on equatorial plate at metaphase [ Fig.1B] and 22:22 poleward separation during anaphase [ Fig.1B ]. However, treated sets displayed the considerable range of irregularities during mitosis that were found to be distributed in the actively dividing stages of cell division, i.e. metaphase and anaphase. Active mitotic index and TAB% of Tartrazine and Sunset yellow treatment sets are inversely related to each other. The range of AMI% and TAB% along with the treatment concentration of both the dyes has been presented in Table 1 . AMI% in control sets was found to be 12.2±0.05, whereas it decreased from 11.3±0.08 to 8.4±0.08 in Sunset yellow treatment and from 10.4±0.66 to 7.2±0.05 in Tartrazine treatment set on increasing the concentration from 0.5% to 2.0%. Both the dyes induced various types of chromosomal abnormalities such as scattering, C-metaphase, precocious movement, unorientation, stickiness, fragmentation, loop formation, laggard with forward movement, bridges etc (Fig1). But the degree of chromosomal abnormalities differed i.e. Tartrazine induced higher percentage of abnormalities as compared to Sunset yellow. Most of the abnormalities were present predominantly at higher concentration of both the treatment e.g. Bridge and laggards formation, Stickiness was found as a dominant abnormality in both the treatments.
The result of present investigation clearly suggests the chromotoxic behaviour of Tartrazine and Sunset yellow. Tartrazine and Sunset yellow both have shown a dose dependent increase in chromosomal aberrations along with increasing concentration of treatment. The treated root tips showed various types of metaphasic and anaphasic aberrations at each dose of treatment. One common observation was also detected in both the cases that metaphasic aberrations were more pronounced than anaphasic aberrations (Fig. 2 and 3) . Increase in concentration of these two food additives significantly increased the mitotic inhibition and ensures the harmful effects of Tartrazine and Sunset yellow on mitotic cycle. Total abnormality percentage increased from 1.6±0.12 to 5.6±0.08 and 2.3±0.05 to 6.6±0.08 as the of concentration increased from 0.5% to 2.0% in Sunset yellow and Tartrazine treatment sets, respectively (As in Table 1 ). The frequencies of normal metaphasic and anaphasic cells were significantly decreased at 2.0% concentration. Present study clearly showed that Tartrazine was found to be more mitoinhibitory in comparison to Sunset yellow.
The cytological study confirms that higher concentration of food dyes is mitodepressive and chromotoxic. Lowering of AMI% might have been achieved by the inhibition of DNA synthesis at S phase that most probably happened due to decreasing ATP level and the pressure from the functioning of the energy production centre (Jain et al. 1988 ). Hidalgo et al. (1989) reported that the inhibition of certain cell cycle specific enzymes such as DNA polymerase, which is essential for DNA replication, might have caused antimitotic effect, resembling colchicine's mode of action. This inhibition could be due to either blocking of G 1 suppressing DNA synthesis (Schneiderman et al. 1971) or a blocking in G 2 preventing the cell from entering mitosis (Hof 1965) .
The scattering spindle dysfunction formed by the loss of microtubules of the spindle fibres and also correlated with precocious movement, C-metaphase type of chromosomal aberrations (Levan 1938) [Fig. 1C ]. Phenomenon of C-mitosis was first reported by Levan (1938) in root meristems of Allium cepa L. as disruption of the spindle fibres leading to the random scattering of the condensed chromosomes [ Fig. 1D ]. Ahmed and Grant (1972) mentioned that stickiness of chromosomes might have resulted from increased chromosome contraction and Fig. 1E and 1I ]. In the present investigation, Tartrazine produced a significant amount of chromosome stickiness at metaphase with parallel increase in bridges. Gaulden (1987) reported that sticky chromosomes may be resulted from defective functioning of one or two types of specific non-histone proteins, involved in the chromosome organization which is needed for chromatid separation and segregation. Kuras et al. (2006) stated that stickiness of chromosomes is related to a disturbed balance in the quantity of histones or the other proteins responsible for controlling the proper structure of nuclear chromatin.
Reason of precocious movement [ Fig. 1F ] of chromosome is possible due to early terminalization of the chromosome or due to chemical breaking of the protein moiety of nucleoprotein backbone (Patnaik et al. 1984) .
Lagging chromosome [ Fig. 1J ] is suspected to be caused due to abnormal spindle formation and as a result, spindle failed to carry the chromosome to the pole and resulting into lagging chromosome (Tarar and Dyansagar. 1980) Chromosomal bridges [ Fig. 1K and 1L] are formed by chromatin fibres that join sister chromatids at metaphase and hold the chromatids together until late anaphase or telophase; if these connections become too strong, chromatids might break at or near the points of connection at anaphase (Turkoglu 2007) The azo group dyes present a naphthalene ring connected to a second benzene ring by an azo bond (N=N). Those rings can contain one, two, or three sulfonic groups.
So the Genotoxic effects could be related to the azo structure present in the composition of the dyes, which is known as mutagenic and carcinogenic. Most of these colorants bind directly to the DNA and cause both structural and numerical anomalies (Mpountoukas et al. 2010) . These two dyes are controversial in relation to their toxic activity and attract the interest of toxicologists and allergists. They are seen as responsible for various immunological reactions causing urticaria (hives) or even asthma. Likewise, Bhattacharjee (2014) evaluated the mitodepressive effects of Sunset yellow in root tips of Allium sativum. Another study conducted by (Moutinho et al. 2007 ) verified that the Tartrazine produces aromatic amine and sulphanilic acid, products with cytotoxic potential in the organism of these animals after being metabolized by their gastrointestinal microflora.
The results related to Tartrazine and Sunset yellow dye obtained in the present study indicate that it has antiproliferative activity action and potential to cause cellular aberrations, which confirm the results obtained by other researchers in other system-tests indicating that this food additive has cytotoxic activity (Kumar and Srivastava 2011). The similar cytotoxic behavior of these food additives was also reported by Donbak et al. (2002) . Effect of food dyes is envisioned to have paramount effects on living beings as well as because these dyes are components of food ingredients (Kumar and Singh 2017) . 
CONCLUSION
Cytological impact revealed by declining AMI% and anomalous chromosomal behaviour are reliable evidences of the cytotoxicity of food dyes. However decline in AMI% and acceleration in TAB% was higher in the case of Tartrazine as compared to Sunset yellow; henceforth it can be summarized that Tartrazine is more chromotoxic than Sunset yellow. Now days, synthetic food dyes are excessively used to enrich food value but these food dyes trigger serious health issues. However use of these synthetic food dyes is one of the most controversial issues for the food industry. Henceforth it is author's view that food dyes are used in least amount.
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